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(57)Abstract: 

PROBLEM TO BE SOLVED: To hold threshold 
sensitivity for variations of a SOI film thickness 
substantially at a minimum to set to a value prescribing 
a threshold by a method, wherein a back gate voltage is 
applied from a control circuit, in response to channel 
impurity concentration of transistors. 
SOLUTION: An insulating film 3, such as a silicon oxide 
film or the like, is formed on the main face of a silicon 
substrate 2, and a channel region 4 of silicon having a p- 
type impurity concentration NA, such as boron is formed 
on this insulating film. A gate electrode 6 is formed via 
the gate insulating film 5 on the channel region 4, and a 
source/drain region 7 is formed on both sides of the 
channel region 4, to form completely depleted 
transistors FET1. A control circuit 9 inputs the 
information measuring the impurity concentration NA 
and calculates an optimum back gate voltage value and 
outputs a corresponding control signal to a variable 
power source 10, so that a specified voltage is applied 

on a back gate 11. This application substantially minimizes the threshold sensitivity for 
variations of a SOI film thickness by controlling the threshold. 
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ffifcJtL # v ^ffij: 19 t ^^zit, ZtWtvtoL # i > 

T 1 A(DS OI t ,1 a) aw< *$HJM8& 

( Nu) ^+ */^m4 A t s SOI I53y.( t 

4 B t *JB*t5 r & #8* L I \ 

[ 01 18] st, :«J;7 iz^-v ^^niiMcor/^ -^-T 
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y ^ 7*-h fSBES-Ensn-rs r t let <o , ^k^h<of e 

fcfewy? -g5^ii x «ijjc.ii. @9 , Hi 5 , Hi 8 , 
[ 0 1 1 9 ] $ h \Z, n Mm S F E T t p SMI S F 

E T Srffl-SSLbicj&riM-a N *HiS0iJ?rfflv > 

5it^-C#6. 0*19, H2 4 IC^LfcFETl At 
L"C« 0lJx.li, nlMI SFET£fflV\ FETlBt 
LT, «x.tfpSMI SFETSrfflV^ntfJ:^,, iS», 
y-h 'ffitSt rott?JJB8»oS^y-h fi 
W0i?Sf{i. n SMI SFETtp ®MI S F E T 
Sfcfe, W77 h ^<>K gSBEro^*fM I V pb I t,^ 
^6. Z<Dtztb. tzbz.mCL$^1&£s3:MLXi>. n 
SMI SFETtp SMI S F E T t0^tl-t*tLlz*fU , 
S O I WimmzlltfrZ L $ v ^ttjgjgfr ft 

wsoi mrnmz. -tttbh, 02 4 iccij^l fci 

5 ^iX'cixnV 7>y^^FETl AfcitWFET 
1 B T&il&S OI * t X\ L f V Mltilg 

[0120] Jfelc, H2 4 <Di|£iBflE»e<o|!!ji*ft|co 
^TSJiW-fS. [12 5 l±, [5)2 4 <D'Jm{pM}.(T)m%m 

H2 5 ( a ) (C^L/iJ;^ S OI SffilC*t 

h l 1A, l 1 ^ril^icOMI SFETIC^tLSiJ 
<omiLk5-k.bft.Z)£.o izim-fZ. mmm <n±.<ns 

OI R^yyy^Ky^fi^fy^, 
3iy h ly ^i/|ct *J JfflRlkL , «BJx. tf8 0 n mCOJM 
*ST\ *fc*>>*( B) ^i'^-f^ttA-r^rt iCi 
0 , «»Jx.tfl XI 0 "c m-5©ffi«f«S01 f54 

•y 7^>y-"i-5r i (Ciig , 6 0 n mW85?C7^^ 

«Wt4 BIC. B) fc-ftf^ttALT, - 

ro^ro^ifeiR^NABSr^JxIi, 1 . 6 Xl 0 "c m 

~ 3 t-tz e 

l012l]tLT, H^L/fl^-h ISJyftTOlS 
SrtT5 x IU-o3S«±lc^^Sfth 7^v 

^^FETIA, FET1 B SrJf5fi)ti"5Cl 1 75 S T#5 0 

^"5 -^Tim'SM^rti r $ 5, IC. MI SFET^ 

rici-s s oi rjw^f^ineicjt;i: T'<y ^ y-s 
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1 A, 1 1 B fcf3fr*&*P&2!ai 0 A, 1 OB^ 

[0122] #3i?f!©jg6 roAteft'fco^rsftH 
[ o i 2 3 ] 02 6 i4, KWJ&mG <nM,Milz.$ht>% 

tmitmmmmmmx'hz. # mwuz^ 14, 

5S^SOl fnl:FETi £J1ML, fc^SOI SfcJR* 
[0124] -$m4 P n 8te**ru c -V 

©t ^t1-5rt^T'f 5. 6W©i$^SOI Jaidp 
*< , 'f^->ttA+60^( P) ^StSH As ) co^§ 

f'jlcifttf, S OI MSU'JSrlVX Lfc8I«-Cp n 

[0125] *ro|jjiimi-o^T«ai-5 i: WTcofr] 
< T'foS. £T, 0iJxtfl^58 0 n mT^^S5Jt^5 
1 X] 0 l7 c m" 3 cOp m->V =>>ffifrt>t£Z>SOl JR£ 
T&htlTh. x-yf-XflZZ.*) , h 

v ^ SrJfJfiJci-SSB^WS OI F/W|®?£0iJ;l(±*6 

fJ'Jx. (±\ l . 6 x] o ,7 c m-»t*5J:5 sR 
( B) ^ifW^^iA-fS,, ^fclC, MI SFET^r 

[0126] 02 7 IC^LTU:? (C, -^T- 

SrMi-saiwiceijAiiy ^( p) Sr-r^jtA-fa:: 

1 1- J; •? p n 8te*fl&fct5. c ro^^^aAieii, 

n SMI SFETW-^- K U -< W^fifeXg 
tmfrZZtk WfilT'foSc C^T% 024^02 6 IC 
fc'L J: 5 KIWgatJMeS S O I flttgfr # ifefc L 14, 

LOCOS ( Local Oxidation of Silioon) USttKHklC 
J: 5 5. 02 8(4, LOCOS ^SttSffclClJ: 

5 'J ir* ( Recess) U?iSSrffl^S w t let 0 KKtoR?^ 

s o i jiM-rs w.wirz> nmmmxh 

5c rro^teictj^xii, £T, SOI JS4 a WilCS/ 
y a^&ffclSSi 4 ^Ml, -tro^ffifcflfctif, ->y 3 

>^{l»ib&5«82 0 3rWr5o ^LT V 02 8 
( a ) Ui5U,fcJ:5 I', WmikLtzl^^^Mmizte 

[0127] ;>:ic. 02 8(b) iz^LtzXo ic, r»Sa 
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o , ->y 3>K-fkS5i 4 SrgiMI-sriictij , fSfOjjs 

r t 6 „ 3 <D&!4, 7FMX@J£A 

[0128] -eii, s oi Ho^*/v^urojjpBI{l2 

(CO^TLOCOS ^ttBSftlli-Sy -fe^tiligiCO^T 
WLfc. L^L, wOft&jZ'b. 02 9 1^1-4:5^, 
10 f-^/Mgyf&DSOI F*4r!) y^57^ 

J:?)»t53-^-y( ccncave) «3SICJ:9» 

[0129] jfod, *5IPJ©^7 ro^tRJfrov^ittW 

o7°n ir^ ©if ib o^: let 5L|l ^<S^^i!)$rte®1-S 

. )IJ^ffl^*$ -JR^|CJ;0 ajSUfcf: 
20 «rt9:3tt4»J(iWHlJ8t:Klt5lS«fl^o^T8ftWLfc. Z 

BEtts* -yrfcMS^T-^ Kit t *m#$mt:m&tz o 

[ 0 1 3 0 ] 03 0 14, **ftWlc:fli*55 ^ft^Bw 
gaifrB0T'feSo 03 1 14, *ftf*0ijlcfclt5 

0lcfc^T(4, f^-^lci4f^-SE 

50 ft5J:3 KKSSiifcSOI BI/5i, TM^jnJ$*ycl4 
^-^y T$S( C'Jx.14*, 06 ) SrW1-S^-V^^i!$4 

ET1 *SB8;lte>ft-0^5. *Mr»:flfiJ|c*jv^T 
14, ^y^y-h l l \zGVJBtZ'<y9y-b 'iffi^gS 

^y ->y 3y^7 ; tyl/77^->ll =^^7^S 
( A) ) -^fg( Cu ) , *>-5^f46&->y f-^K ( Pt 
Si ) ^-^^y IMF ( Ti Si ) 4ifA»f>45E 
^0 $lffiX'ftM& ivtzt a. -XF 1 , F 2 , F 3 ^ 

[ 0 1 3 1 ] 03 2 ~3 4 14, 03 0 ©^ft^RroK 
3SXSSrWWi-5fc«><OBrffiBl-e*>5. *A 

i*eyic*jv^fc, 03 2 ic^t/cj;? ic, Kitxswii 

09 SOI ^©«tt$p*>e>^SE»*g! 

[0132] (fclC, 03 3 iZ^LtzXo (C, fffj^ffl^? 
so -v y 7 iKS^ il'J^-f 5 „ fit, - roSJjgtSl^S'Jl ^ 



( 
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l^^ig.-fLfc/jti^. 0J*.li\ *iii-SL*V^13ft 
W-tSEi&roFETlCOV-Cl O»ffi05gffl^5 — 
flfofcl-* r t Id J; 9 . BS&ftfe irz t #T?# -5 . 

$ f> i-fi-f^i- m&<DF e t ^sffM$ Kt^mm^ 

[0133] -S., T**/VfmA <0**&lfj»£*;fc:tt 
^r+y 783«#l!l5££ ft, HI6 IC^Lfci^ ft&TOUeS 

T, FETlt itj/tffl^ -m+b *»it5wt #? 

[0134] *mm^xnii. *msxtmttit** 

y k\zim.ti £«B*Vi< , 145 TWohS ftiM xroffi 
t&K-T-fcadlSi* -friiif J: \>\ iot, iflSillSWfcfefc t/f- 
s/^ffifflOffi/J^^lSwtiSS-etS. >FM»Sg 

ffiiilftiEWfc* m Z 1 1> T'f 5 0 

101351;:?. ^+*^«0>*tt/MB«*fctt 50 

I 0 1 3 6] *ftffc0J«±. [32 4 K10IJ*L fc«fc 5 

fcBtftwsiifta fet nr<c5 ^^rajco 
^xhmm-tzzt tr-x-t^o -fton-h, ^z-^m. 

toWl^m^WiZ&SV&WtonimRom s f 

E T AWtite ilTVVS ZfntfiVDfflmtoF E T 

— K * LTttafc^y ? V-b 'iEE&ftttlD 40 
thZtfrXZh, 

[013 7 1*1;, *Jl{*«-c?ffiffli-4/<>('7'^0K© 
[ 0 1 3 8 ] m 5 ~[*]4 0 14, ^ ~ t 

-i\ 

i o 1 3 9 j m 5 ^^-^mm vwmfcuzt. 
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ft>C "C'h'fiffiS^cot ^ —X&WjfrfZ %Xh% „ 

[ 0 14 0] [5]6 OS O I jp^iS^t Wf^CD 

(S*r0. 2VtL. ^feig^Wlf, 1 . 2 xi o 
,7 c m-3~l .8X10 "c rn-*%X<»<&WHX\th^ 
< 1 1-4. d WBf, /< y ^ y-f. taEofUJStffitai: L T 
Vcu Vc2, VcatLT-l , 0, 1 VSrSJlt 

^i§SW!liJ^Srm\ -frtOiJ^fil^l . 2 xi 0 "c 
m- 3 ~l . 4 XI 0 "c m- 3 WB$!4, SSfig^^cOF 1 £ 
#$$t£U F2 tF3«rTO1-5rtlCj;i9^s/^y 

-h fast ltv ci =-i v^swra-rso jgij^fi 

^ ? 1 . 4 XI 0 17 c m" 3 ~l .6X10 17 c m- 3 <7)B# 

tt. F 2 &#miik L , F l t F 3 SrSJBrt-a - t Icj: 

iffJ^ffl^ 5 l .6X10 "c m- 3 ~l .8X10 17 c 
m-^S^lt. F 3 Zmjimt L . FliF2 *«I»rt5 

^irici'? matv C 3=i vzwrnt 

mn-rz z t t'^utt ttv > gfsaroL # v ^tticisv ^l # 

[ 0 1 4 1 ] [?J3 6 14, H3 5 W'4ii;SV c. ~Vc 3 £, # 

**>t> ixT^S 3iiSgjJESr SlcL Till:, p/r5EW 
'<y W-b tttEJw^JI* fcliP*Ei-5 r t *£?* -5 

I 0 1 4 2 ] [g]3 7 14, f?iJx.(4*, VEi^&ETfcSV cc= 
3VWV ss=0 V * T-co, V cc~V ssWOLESaH^T 
igfi^EELT, ^-y^y-h 'ffit LTffll^flfy-C*) 
5. W^tf»^*»b*4iafiaSSra5i]l3«iBiEL, ^tn 
*c'H<Di!%j^zx-®±fimiilX$ 4 «t p let a. -X§rl£|§ 
1-5. *LT, ^V^y-h mEEnADW|^lei4, fiRli 
t 3. -XF 2 Sr^WKf, F 1 , F 3 ^^I*lr1-5r t X'2 
/3 Vcc, *fcF 3 F 1 , F 2 &®&ii'Z>Z\ 

t XI /3 V cc, -t L Tt&Rtf^TCDt ^ -X^^Wr 

T-#S 0 @3 7 Ti4ffifet^3 oKltfc*s. W&.mxh 
ix(4'J;< , J; #< <75ffiffi§f£3Stt;h.l4\ J;^ ^ 
E$ i\Z> Z t \zt£ y) , 9fgW>L # v Mllejfii, ^^S^ ; 
fc^-etS. S7t'ifiJlcDt£(ll4, V cc~V ssW^HlcPg 

[ 0 1 4 3 ] U3 8 14, H3 7 CO^0iJT*fo'3 , 2 OC0 
<b CTx. 14V cc~V ss* T-CO'OiJECOSEll^ ^S>J-f5 e. 

ttfxzzmmxhz, 

[0144] Sfc, (13 7 IC ttfitSwa^Srirt 
tSSffi^-rr^y -k icjD^ateie, K3 9 ir^L^i 
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[ 0145] izim 0<DX0 IZ S PBi<nf-\ — v# 

t =. -XF 1 ~F 3 <DWMfc£ o T9J9 M§ «fc ? IdL 
Ttfc\ ZZX'h7>iSx?(DL$\,H]m:V ,bi-% 

t , f i , f 2 , f 3 im9im>ft> rxim 

liit)<DF3W&B',±-3 V cc+4 V, x F 1 , F2mj) 

ISK F 3 SJiSfaB*, -2 V cc+4 V. , F 1 #$J|#f, F /0 

2 , F 3 «IBrONP-V cc+4 V, <7)Hj;f)£#5 r t *s-p 

[0146] *Jl^JIC*5V^Tffl^-5 i2tt^i: LT 

-Tessas 

KJSaSliJ: o TSEfflt* *?> v *«7^ft =. - 
[0147] JEH.k, ftf$0iJ^fiSJ^Loo*^PJ(7)|lte(7) 20 

[0148] IfeBkRrojBjsK&t l xii, JttBMt 

ic.tssftfksnjBfigffi-^. 3 o k e vmst<Dmam^^ 

&S: ittftf 1-5 * liw n?> «r £i£T* 

<ueic:«*i-5 r tub #r hs*** & 

5o 

[0149] ±a>L?t ^fls0wcfet>Tii4*icea 

LOCOS Sfc*&ttffi^ y-fe^S!( Recesse 
d) LOCOS-^e^LOCOSji^7^-/UK->-/W 40 
K ^fitSrfflv ^Tt U\ "'L , ftp, £ft*£4>rc<b <t 

[ 0 1 5 0 ] Zh\z., ±a5Lfc#A«cWW4. SOI « 
t L Tp MS i & Jfll {tb9 ICn SS i ^ a A 

s > I n P*fflVvTl>iil\, n ®MI SFETt' 

I4fc< p SMI S F E T IcSfflL Tfc J: < . ^Wt^ 
JiMco^^jWn M£ P SL pS^nSi $ 
"blc, K —V>yw?WiW>As , P, Sb 

t> As , P , Sb£rJ n, B, B F 2 (7)1 J;C 7 f 50 
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[0151]$?,!;, y-h #^fi->y 
^■w.^f&->y jjf-7^( #?lh) ->y a^, r 

WT^^a^, Si Geigfi. Si CiSfi, Ga 
As , W x Ta , Ti , Hf , Co , Pt , Pd©M 

[0152] *^BJ(73j@^iiBJit/ t CV^Iir- 
[0153] 

I o 1 5 4 ] *-r , ^±^g.fcs 7 v 

^ Tfp^t *5 S O I BSm^SB»j8«ro/<9 y * 

[0155] ^B^|c«tmi\ 0iJx«mfi3lH]fS$r 

01t 9 i S OI S^ft£(fe o# |;*fi-5 L # v Ml^^vh 

[0156] MOS gftffloKS-ptt:, N 7V-/^? 

* s ft< L#V^fit*«®< of f B$(D-^ 

7*^U-y-> 3 ^Ky -*8iaE;Wc£< iot, * 

[0157] Sffil$rai4L£VMiV,klc#U Si 

^'SiESrVDDt LT( Vdd-V, h) -a( al±lW±(D 

1 0 l 5 8 ] *«W(w«tntf, LOCOS SHtH 
BlfSWL # I MIT-S OI Jimwii'f, o# icStL XL # I ^ 

ffigt&#a/j^ *s «k 5 /^s oi ggz&vskrtts ztiz 

«t 9 , Z. cos OI S^#JfiT'C0L £ V Mico^f!to5ft/W!: 

[0159] -<Th ^^v-'^^f^coLtlMitWIi" 

SS^MiS^ir>'^T>7 e ^J;9 ffi«J:< ^I^HiS 
1-4 r i «J-Cf , i 9 ■^ilWf5S^ir^^T>7°(75^ 

2 oW±<75L # V HfiSrJlFoMI S F E T *^gjL fc-1*?J 
ftraBS(c»L. SOI KBUtfb of ic«1"5 L * i^tSJsS 
«€r* n^n©5B^-C*fL xm>bt t5:i ^ 5 T'^5o 
r.il!iCMOS [5J5SI;JaOT4j , n iMI SFET, p 
*SMI S F E T <Dm&<DL # I Id? C fc S O I 
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I SFETWi^T, SOI O^^y^rlceSfSL 
Ulr^-rSFD-SOI Ml SFETTiJKfT*fo5 c 
SHBSrfflv^ttSailI8Slc*JV^T, SOI BS5W*tffeo 

ffiJSlO&Cfc/^y-h m^JISlHlSSiih a 1 f -V 

[0160] ^^IC&I^TMI SFET£ff2fi£ 

£5 #S{4. >x (V&fk* m&ti ^telci 

9 fiiBE-Cftp d £ . xy-h RffcBMEl:: 

5 = 20 
[ 0 1 6 1 1 £ c, in, #3PJ<7>^~ -sR^-OKiilzlglL 
TI4. MI SFETCfflt^y-h*^i*ll»5r 

I 0 1 6 2 ] it. #389!lc:J:ixfi, Stfi^SOl B8y»» 

e><es ^WMWRNfiittssjsaijtrofcfero^? -mi- 
£ ict 9 . ^5 -si^-wp n msnMotztbiDim^- 

^SrWlWi-Swir^-C^S. *LT. flfcltf, pP JO 
£ffM-f5££, n SMI S F E T ICtJttS V • K 

i*"OW&ffit&Bj&<r>'( *>&Kk \m$Wro z £ X\ 

[0163] U±MfflL1z£o IC, *3SWlcitLtf. 56 

O I BS$*>*mi%t&<Drtb o# mafrts L # \> HI<£& 
SrISIf ft/hKfto fc* * T\ L # l ^BrS"*-* ffildi" 

[ 01 ] *3B9!<0|Si «A*0iJlcffi*>5i|i^ft:jg{S4ra 

[ 02 ] *«W#oSH-J3lcj:?) £K>ftfcSS£2»2<fcFE 
TWSOI RtL#^tatroBBfii**'t^5 7ia"C*) 

[ 03 ] 2 ) ~( 5 ) izx») , ^Z-^mm <r>yf 

^iKSNA = l XI 0 ,7 c m"\ SOI ESE/.t 5 1 =6 
Onm, <J>\t i =-] V, Qiai =Qn\ 2 =0 <T>W&\Z 
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[ 04 ] f-fr*^ga®4 <07ffflC&jtt:\ X10"cra 
■ 3 kLtzb$<0, 5t( 2) ~( 5) ©*|U£a*9 f /l'*ffl 
V>T3t-iJUfcL t (7DS OI 

[ 135] *iift?-fl:ffljESrfittW1-6fc«>«)/<vKH-C*) 

[ U6 ] 02 tm—iOFETfO^fMCto^X^ S2 T° 
U # V ^1^5^,)^ ^5 ^ ^y^g^ 4 WS OI B8?t si 

[ (37 ] LOCOS UHttEMWcifo^cto^ritetL 
fe!^ -fe^ ( Recess) Y~h fi?jgSr^"1-5 MI SFETi 

%-fMffimx'hz> 0 

I us ] LocoststtKfkffitiay ±xW7-h m 

lfirffiIiT*fe5„ 

[ Hi 0 ] h a 1 f -Vdd|HlS§£fflWcH;^j£^t18 
B§[e]SSS!-r'*5?.o 

[ Eai 1 ] rxfsim^zmmmzmi-imm 

[ mi 2 ] [39 o^ftseoBSKKiiiatsi-ria 

mffifflxhz* 

1 mi 3 ] m <o^t¥&n<o&toW£T.m:&-t3m 

irffi[§lT-fo5 0 

[ isi 4 j b)9 v!m#miiioimgmim$:$t-tTm 

l*fTEHT-fe-5 0 

[ Hi 5 ] *|gBJco^ftgiWo^3 OB-f$0iJ^^1iS 

vmfiomx'hz. 

I mi 6 ] hi 5 <75^jii^iacD^$aitxa^«i-M 

[ hi 7 ] in 5 (o^mmri<D^mmxm^mi-m. 
mxmmfcmxhz, 

[ hi 8 ] ^mn^mtmn(om4 <DM&&i&m-f& 

0§l8nSHT*£><5 o 

I Hi 9 ] @Sg9 c,10b <73ftf*:^*1-«tEl&|Hl8SH 
T'fe5 0 

[ H2 0 ] Hi 8 ro*3Jff:«EroKaa!!igxeS:«i-« 
[ H2 1 ] Hi 8 0^iett:|RjaoB««!jSie**t18 
[ H2 2 ] p n S^li«t5 ^$E!|«8Jt^ffl3t1-5fc«)ro 

[ 02 3 ] H2 2 (Ofi -9^f-*^«)fc0K9 d, 10 
[ H2 4 ] *^BJ<D^5 ©ftttWlcfii*j<5JmS«:36Ro 
[ [«]2 5] @2 4 W^rjf^^RW^^iSXfi^ Ji-rSt 



(17) 
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[ N2 6 ] *&ej|»3f6 Wn.^^\-^§#irjf$^;(75 
( [*]2 7 ] y >( P) ZJ*>&A1rZXU%&-mi& 
[ P32 8] LOCOSlStt&ffclCfcSy **( Recess) 

flHSfc fflv icj: <o tmnffr o i mm jmt 

[029] =>-><>— y( concave) $i§£3<-f$M 

[ rs3 o ] g§7 Rtom\ztotoz^^m0Etmftm 

[ H3 l ] Wn ftftflajl- tilts #«ritS*©gffiiSr BUM 
[ P33 2 ] 03 o <r)^W&WbWkTM*WM-%it 
[ £93 3 ] [13 0 <WmS^<a§££lS£ 2^1-5 

[ [13 7 ] ^7 mw<\T'm^ z t zmm&i 
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10 



I M3 9 ] ®7 Sf^JTfflV^wir^T^S -ffiiMii 1 ^ 
I S40I S57 JM*09TffiVV5rfca*C*3Set8^* 

3 
4 
5 



6 y-h tan 

7 y-*- KU"OtE1S 

8,14 

9 $iJ#PIh]S8 

1 0 »RgfBSS( mWOi/Bf) 
1 1 /<s/ ^y-h 
20 1 2 

1 3 iNJftJB<a« 
1 5 Uv^h 
1 8 '£t§ 

19 ^ ^ /uy^ 

F 1 ~F 3 t a. —X 
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: — r,T-— 
l/TT 

"f/itf 

L-.-J.j_M/. 

lilll 
w F 1 : 1 1 
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[Vvtti^.2V-y<-} 



4f 




> 

2 ^ 
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